IN SEEKING TO UNDERSTAND the relationship between diet and health, investigators have often relied on selfreported dietary intake data to measure nutrient intake. Not surprisingly, investigators have created a wide range of intake assessment instruments that are the products of careful development and testing. It is readily acknowledged that all methods used to assess self-reported dietary intake are subject to measurement error, but it is often assumed that this error is random. Random error, such as writing mistakes or processing variations, attenuates true associations between diet and disease, resulting in the generation of false-negative conclusions. Self-reported dietary intake, however, may also be subject to systematic error. A systematic error, such as the underreporting of true intake by certain population groups, could bias nutrient intake estimates and result in misleading conclusions with regard to diet and disease (34) .
The accuracy of dietary intake assessment instruments, in the true analytic sense, has rarely been established. This is because there are very few criterion methods against which self-reported intake can be validated. Validation has involved comparison of the new assessment instrument against another, more established self-report method. As such, it is actually the relative validity of the new instrument that is being tested. This type of validation will fail to detect true reporting bias, however, if both the new and established instruments have correlated error. Alternatively, the new instrument can be validated against an external criterion such as a biomarker. The doubly labeled water (DLW) technique is an example of a biomarker that can be used to validate self-reported energy intake. The error of the DLW technique is independent of self-reported intake error, thus allowing true reporting bias to be detected.
Established for use in animals (17) and later validated for use in humans (25) , the DLW technique is used to measure energy expenditure in free-living subjects. This method involves the administration of water containing enriched quantities of the stable isotopes deuterium ( 2 H) and oxygen-18 ( 18 O). The term "doubly" comes from the fact that both the hydrogen and the oxygen of water are labeled. The oxygen-18 is eliminated from the body in the form of carbon dioxide (C 18 O 2 ) and water (H 2 18 O), and the deuterium is eliminated in water ( 2 H 2 O). The difference in elimination rate between these two isotopes is a measure of carbon dioxide production. Carbon dioxide production can then be used to calculate energy expenditure by use of standard equations for indirect calorimetry. The DLW technique has been shown to be accurate to 1%, with a coefficient of variation of 2-12% (25) , and is currently considered the "gold standard" for the measurement of total energy expenditure in humans. From a subject's viewpoint, it is quite simple to use. A baseline specimen of blood or urine is collected, and a loading dose of labeled water is taken by mouth. Additional specimens are collected on the dose day and up to 2 wk later to determine the initial dilution space and the isotopic elimination rates. The technique is quite robust with regard to accuracy but is subject to error if some of the dose water is lost, if the subject switches to a new source of water that has a different background isotope abundance, or if the specimens are contaminated with ambient water or mislabeled with regard to time and date (25) . DLW also requires calculating energy expenditure from CO 2 production, and thus an error in the assumed macronutrient composition of the diet can introduce a bias. For example, if it is assumed that 40% of dietary energy is derived from fat, but it really is only 20%, then the energy expenditure will be underestimated by 6%. The precision of the technique, however, is potentially quite variable between analytic centers, because a small random error in measuring the isotope enrichments of the physiological specimens can introduce random errors in the calculated energy expenditure of 3-15% (25) . Because of this, it is important to determine the repeatability of the analyses in any given laboratory.
The First Law of Thermodynamics states that energy is conserved, meaning that it cannot be created or destroyed. The energy put into a system is therefore equal to the energy used and/or stored by the system. In terms of human metabolism, metabolizable energy intake is equal to energy expenditure plus any change in body stores. Thus, in the weight-stable individual who is not in an active stage of growth, such as childhood or pregnancy, energy expenditure will be equal to habitual energy intake.
In large population studies, the most common instruments employed to assess dietary intake at the individual level include food diaries or records, repeated 24-h recalls, diet history, and food frequency questionnaires. These can crudely be separated into two categories, i.e., prospective and retrospective methods. In addition, the techniques can be classified on the basis of the degree of quantitative detail that is provided.
The food record or diary is an example of a prospective, quantitative method. The respondent is required to record all foods and beverages and the amount of each consumed on a daily basis. The recording of dietary intake is usually conducted over a period of 3-14 days. One of the strengths of the food record method is its ability to capture quantitative information, because all foods and beverages are weighed or measured before consumption. Because of this, the weighed food record has been used as the standard to which other dietary intake methodologies have been compared. Examples of retrospective dietary assessment instruments include the 24-h recall, diet history, and foodfrequency questionnaire (FFQ). These methodologies rely on the memory of the participant to recall diets eaten in the past. The 24-h recall method requires that the respondent report to an interviewer all foods and beverages and amounts consumed in the previous 24-h period. Typically, data from several 24-h recalls conducted on both weekdays and weekends are averaged together. The strength of the 24-h recall is its ability to collect detailed, qualitative information about foods consumed. The diet history method inquires about the frequency with which various foods are consumed and also gathers information about the typical content of meals. One of the strengths of the diet history is its detailed assessment of usual meal pattern in addition to the frequency of consumption data collected. Finally, the FFQ requires that respondents report the frequency of consumption of foods from a list of foods over a specific time period. A strength of the FFQ is its ability to capture the intake of infrequently consumed nutrients that are ingested with a high degree of intraindividual variability. A complete description of these dietary assessment methodologies may be found in the review by Thompson and Byers (29) .
Prospective methodologies, such as the food diary, are believed to be subject to reporting bias, because the act of recording intake is thought to influence the respondent's usual food choices and alter their intake during the recording period. Indeed, some studies have reported a loss of body weight in subjects during the record-keeping period (12, 20, 21) , thus highlighting a potential weakness of this methodology for defining usual or habitual intake. Retrospective methodologies are generally thought to be free of this type of bias but are subject to random error due to poor recollection of past diet as well as systematic error due to the underreporting of true intake.
The aim of this review is to assess whether selfreported dietary intake methods are subject to systematic error by collating the studies in which these methods were validated against the DLW method. As such, this review is limited to assessment of dietary energy intake. The literature review was limited to studies of 10 or more subjects that were nonathletic adults living in industrialized countries, and in which the DLW technique was used to validate reported energy intake. Potential studies were identified using a MEDLINE search with the following key words: doubly labeled water, energy metabolism, oxygen isotopes, deuterium oxide, energy balance, energy expenditure, energy intake, diet records, food-frequency questionnaires, and diet recalls. A survey of the literature found a number of different methods used to quantify the agreement between reported energy intake and measured energy expenditure. For comparison, reporting bias (energy intake Ϫ energy expenditure/energy expenditure ϫ 100%) was calculated for each study and is summarized in Tables 1 and 2 .
THE FOOD RECORD VS. DLW METHODS
The majority of studies comparing reported energy intake to measured energy expenditure have used food records or diaries, in which the quantity of food intake is determined either by weight or common household measures. Research has shown that as the number of days of record keeping increases, the number of incomplete records increases (9) . Therefore, we decided to categorize these studies into those with a recording period of 3-5 days, those that use 7-day records, and those with a recording period of Ն14 days.
Food records of 3-5 days (6 studies). Several studies have explored the relationship between reported energy intake and measured energy expenditure in older adults. Goran and Poehlman (11) recruited six women and seven men (mean age 67 Ϯ 6 yr) to complete a 3-day food record. Reporting accuracy differed significantly by gender (P ϭ 0.031), with women underestimating their intake by 32% and men underestimating their intake by 13%. In all subjects, no significant change in body mass occurred during the study period; thus the difference between reported intake and expenditure was not due to changes in energy balance. Another study of older adults found similar results. Reilly et al. (22) recruited 10 healthy women (mean age 73 yr) to complete a 3-day weighed food record. Although energy balance was maintained throughout the study period (indicated by no change in weight or skinfold thickness measurements), reported energy intake was 27% less than measured energy expenditure. In the largest study of elderly adults, Tomoyasu et al. (30) also quantified the degree of underreporting. Their sample consisted of 82 men and women, Ն55 yr of age, whose energy intake was determined from a 3-day weighed food record. The magnitude of underreporting of total energy intake for all subjects was 20% and, in contrast to the findings of Goran and Poehlman (11), was comparable between the two genders. Body mass Reporting bias ϭ reported energy intake (EI) Ϫ measured total energy expenditure (TEE) measured TEE ϫ 100. A negative value for reporting bias indicates underreporting of EI. F, female; M, male; NA, not available. * Correlation coefficient determined using both genders. † P Ͻ 0.05; ‡ P Ͻ 0.01; § P Ͻ 0.001.
index, waist circumference, and fat mass were found to be significant correlates of underreporting, with the magnitude of underreporting increasing as these parameters increased (30) . In another study by this same group (31), 64 African-American men and women 52-84 yr old completed a 3-day weighed food record. The magnitude of misreporting was not affected by gender and, on average, these men and women underestimated their intake by 11%. The authors speculate that a decreased preoccupation with body size and image in these older African-American men and women may be responsible for the more modest underreporting found in this later study (31) . Kaczkowski et al. (14) explored the use of a 4-day multimedia diet record (MMDR). Fifty-three women 50-93 yr old were provided with standard household measures, a ruler, a 35-mm camera, and a microcassette tape recorder and were instructed to measure and record all foods and beverages consumed as well as left over. It was expected that the MMDR would decrease subject burden, thus reducing the omission of foods consumed but not recorded. The subjects in this study, however, were found to have underreported their energy intake by 27%, a bias greater than or similar to that found in other studies. Acknowledging this, the authors attributed their findings to the fact that the underlying principle of the MMDR remains the same as other dietary recording methodologies, namely the competence and the willingness of the subject to complete the record. Taren et al. (28) studied 37 women 30-60 yr old who completed a 3-day food record. Mean reported energy intake was found to be 12% lower than measured energy expenditure. Finally, in a study using a slightly longer recording period (5 days), Clark et al. (7) investigated the energy metabolism of 12 women categorized as either "large" or "small" eaters. Placement into these categories was based on self-reported intake from studies in which these women had participated previously. Interestingly, large eaters overreported their energy intake by 24%, whereas small eaters underreported their intake by 48%. Neither group demonstrated a significant change in body weight during the study. In only two of these studies did the authors report the correlation between intake and expenditure. Goran and Poehlman (11) found a strong association (r ϭ 0.77, P ϭ 0.02) between self-reported energy intake and measured energy expenditure; however, a consistent negative bias was observed, with the regression line falling below the line of identity. Conversely, Taren et al. (28) found only a weak correlation (r ϭ 0.18, P Ͻ 0.05). Thus the underreporting did not appear to be a uniform error, but rather one in which the amount of underreporting varied between subjects. To better understand the determinants of underreporting, Taren et al. also investigated associations between reporting bias and physiological and psychological characteristics of participants. They found that reporting accuracy was inversely related to age and percent total body fat. Moreover, a high degree of social desirability was negatively associated with reporting accuracy (r ϭ Ϫ0.36, P Յ 0.05).
Food records of 7 days (5 studies). One of the earliest studies to report a discrepancy between reported energy intake and measured energy expenditure was conducted by Prentice et al. (21) . In this study, 13 lean and 9 obese women completed a 7-day weighed food record, with the obese group completing an additional 7-day record. Lean subjects were found to have underestimated their dietary intake by 2%, whereas the obese subjects underestimated their intake by 34%. Additionally, the obese group tended to lose weight during the study, suggesting that the low self-reported intake was due to both undereating and underreporting. Consistent with these findings are the results of a recent study by Goris et al. (12) , in which 30 obese males completed a 7-day dietary record. Reported energy intake was 37% less than measured energy expenditure, and a mean body mass loss of 1.0 kg occurred during the recording period. Livingstone et al. (18) published one of the first studies that showed a bias in the reporting of habitual energy intake in participants of a large population study. Subjects included 31 males and females (mean age 36 yr) from the Northern Ireland diet and health study. Average reported energy intakes were found to be significantly lower than measured expenditure in the overall group, with men and women underreporting energy intake by 21 and 19%, respectively. Another study of similar sample size recruited 24 normal body weight males and females (27) . In this study, reported energy intake from diet records was 18% lower in females and 31% lower in males.
Finally, a subset of participants from a long-term dietary intervention trial recorded their dietary intake for 7 consecutive days. The 29 women (mean age 49 yr) underreported their dietary intake by 22% (19) . Again, most authors did not report the correlation between intake and expenditure. The one study that did, however, reported a modest correlation (r ϭ 0.46, P Ͻ 0.01) between energy intake as reported on the food record and measured total energy expenditure (19) .
Diet records of 14 days (5 studies).
Longer diet records have the potential to reduce the effect of dayto-day variation in dietary energy intake and thus should improve the precision of reported energy intake. The longer recording period, however, may result in recording fatigue and a larger underreporting of dietary energy intake. They also provide a time period over which weight changes help to identify whether any discrepancy between reported intake and expenditure is due to underreporting or undereating.
The best correlation between intake and expenditure was reported by Buhl et al. (5) among a group of 10 women (r ϭ 0.86, P Ͻ 0.001), but reporting accuracy was dismal (underreporting of 58%). The large reporting bias, however, probably reflects the fact that the women were selected from among obese individuals who had a history of being resistant to weight loss therapy despite consistently reporting low energy intakes (Ͻ1,200 kcal/day). Similar findings of very poor accuracy were reported by Lichtman et al. (16) . Subjects in that study were divided into two groups. Group 1 [mean body mass index (BMI) ϭ 33.8] consisted of 9 women and 1 man with a history of repeated failure to lose weight despite low caloric self-reported intake (subjects termed "diet resistant" by the authors). Group 2 (mean BMI ϭ 36.4) consisted of 80 men and women without a history of diet resistance. Energy intake was measured using a 14-day weighed food record. Energy expenditure was measured in all group 1 subjects and in a subset of 6 group 2 subjects. The diet-resistant members of group 1 underreported energy intake by 58%, whereas group 2 subjects underreported intake by 36%. The characteristics of group 1 subjects may have played a role in these findings. Group 1 subjects were more likely to be using thyroid medication, had a stronger belief that their body weight was due to a genetic predisposition, had a series of failed diet attempts (some Ͼ20), and reported less hunger and more cognitive restraint than did group 2 subjects.
In a larger, more general population, Black et al. (3) validated reported energy intakes in 56 subjects. Subjects included 18 middle-aged women, 27 retired men, and 11 postobese persons. All subjects completed a 16-day weighed food intake record, the exception being postobese subjects who completed a 21-day record. The magnitude of energy intake underreporting was 13% in women, 14% in men, but 26% in postobese subjects. The correlations between intake and expenditure were 0.45 and 0.28 in the middle-aged women and retired men, respectively. The large underreporting in the studies by Buhl et al. (5) and Lichtman et al. (16) were therefore not likely to be a result of the longer recording period and recording-related fatigue but rather of the special selection criteria. In this regard, the larger underreporting in the postobese women supports the idea that the underreporting may be related to dieting behaviors. Consistent with this suggestion, the lowest magnitude of underreporting was found in a study conducted by Tuschl et al. (33) . In this study, 23 normal-weight women completed a 14-day diet record as well as the Three-Factor Eating Questionnaire, used to classify subjects as either restrained or unrestrained eaters. The reported energy consumption of unrestrained eaters was found to be 2% lower than measured expenditure, whereas that of the restrained eaters was only 5% lower. Furthermore, restrained eaters had a significantly greater BMI than unrestrained eaters.
Continuing with the obesity and underreporting relationship, Platte et al. (20) recruited 10 normal-weight (BMI ϭ 24) and 10 obese (BMI ϭ 33) women to complete a 14-day diet record. The obese group showed a larger magnitude of energy intake underreporting compared with normal-weight women, 46 vs. 2%, respectively. Additionally, the obese subjects lost 1 kg of body weight during the recording period. The difference between reported energy intake and measured expenditure indicates that the obese group should have lost a total of 3.1 kg during the 2-wk recording period, suggesting that this group not only underate but also underrecorded their true intake.
Whether a longer period of dietary record keeping improves the reported energy intake for an individual appears to be a minor issue compared with the impact that subject characteristics have on such measures. In subjects defined as not diet resistant (16) , normal weight (20) , unrestrained eaters (33), or subjects from the general population (3), a longer dietary recording period does indeed appear to result in improved reported energy intake. However, in subjects defined as diet resistant (16), obese (20) , or both obese and diet resistant (5), any precision gained through the longer dietary recording period was outweighed by the largest magnitudes of underreporting bias of all studies included in this review. Therefore, the physical and psychological characteristics of subjects should be carefully considered.
THE DIET HISTORY VS. DLW METHODS
We found only one study, with Ն10 subjects, in which the diet history method was used to determine energy intake while energy expenditure was simultaneously measured using the DLW method. In this study, Rothenberg et al. (23) recruited 12 elderly subjects from the Gerontologic and Geriatric population studies in Sweden. The 9 females and 3 males were described as healthy and active 73 yr olds. Reported energy intake measured by diet history was 13% lower than measured energy expenditure. Additionally, reported energy intake from the diet history was not significantly correlated with measured total energy expenditure.
THE 24-H RECALL VS. DLW METHODS
Similarly, with regard to the 24-h dietary recall method, only one study met our criteria for this review. In this study, 35 weight-stable women (mean age 30 yr) completed four multiple-pass 24-h recalls (2 in person, 2 by telephone). On average, these subjects underreported their energy intake by 16%. Additionally, there was no significant difference in mean daily energy intake reported via telephone vs. in-person recalls (32) .
On the basis of all these studies, there was no evidence that the accuracies of prospective or retrospective dietary techniques differed. Rather, there were strong indications that the physical and psychological characteristics of the subjects were determinants of underreporting. First, there appears to be a tendency for obese subjects to reduce their intake and subsequently their body mass when food records are used to assess habitual dietary intake. Goris et al. (12) demonstrated this phenomenon by defining a method to differentiate between undereating and underrecording. Undereating was defined as a consumption of less than the usual amount of food during the recording period and was calculated from the loss of body weight during the study. Underrecording of food intake assumes that the accuracy of recording water intake is reflective of the accuracy in recording food intake; it was calculated using the water balance technique. In this study of 30 obese males, undereating occurred in 26% of the subjects, whereas underrecording occurred in 12% of the subjects. The tendency for obese subjects to lose weight during the recording period has also been reported by others (21) . Although not limited to obese participants, other studies have similarly reported either underrecording (24) or undereating (19) during the period in which food records are kept. Second, the behavioral and psychological profiles of study participants may also provide insight into the reporting accuracy of dietary methodologies. Restrained and unrestrained eaters studied by Bathalon et al. (1) completed a 7-day diet record, three 24-h recalls, and an FFQ. Compared with unrestrained eaters, restrained eaters consistently underreported intake to a larger degree, regardless of the dietary methodology employed. Taren et al. (28) also explored the influence of psychological characteristics on reporting bias and found that social desirability was found to be negatively associated with reporting accuracy. Additionally, body dissatisfaction and the concept of a smaller body size than one's own as being more healthy were also associated with a lower reporting accuracy (28) . This inverse association between BMI and the degree of underreporting of energy intake has been demonstrated repeatedly, as exemplified by three studies performed in three different countries (16, 21, 33) . Although beyond the scope of this review, it should be noted that the inverse relationship between BMI and reporting accuracy does not hold true for all segments of the population. For example, studies conducted in elite athletes have found large underreporting despite the fact that the subjects had low or average weights for height. Schulz et al. (26) studied energy balance in nine elite female runners of normal body weight (mean BMI ϭ 20.4). Results from the 6-day food intake records compared with energy expenditure determined via DLW indicated that these athletes underreported their energy intake by 22%. Edwards et al. (8) also compared energy intake from a 7-day food record with energy expenditure measured by DLW in nine female distance runners. Energy intake was underreported by 32%, and a negative correlation (r ϭ Ϫ0.74) was observed between reported energy intake and body weight. It should be noted, however, that although underreporting increased with increasing body weight, the weights of these subjects were in the range that is associated with accurate reporting among nonathletes. Additionally, Edwards et al. did find that the larger athletes had greater body image dissatisfaction, possibly related to athletic performance anxiety. This leads to the speculation that the observation, that underreporting increases with BMI or body weight, may in fact be related to body image dissatisfaction. This speculation is further supported by documented underreporting of energy intake by underweight women diagnosed with anorexia nervosa (6).
MULTIPLE DIETARY INSTRUMENTS VS. THE DLW METHOD
Because physical and psychological characteristics of the subjects have been shown to be determinants of underreporting, the lack of homogeneity among the studies considered in this review makes a comparison between dietary assessment techniques performed in different subjects very difficult. The most appropriate relatively accurate comparison of different dietary assessment instruments would be based on a comparison of studies drawn from similar subject pools in terms of age, gender, race, BMI, psychological profiles, and the like.
We found four studies in which the relative accuracy of several dietary methodologies could be evaluated within the same study population. All of these studies included at least one method that was retrospective and one that was prospective. Two of these studies included 24-h recalls and 7-day food records. Sawaya et al. (24) studied 10 young and 10 elderly adult females. In both groups, the 24-h recalls from 2 days of intake were more accurate than the 7-day diaries. The 24-h recalls indicated underreporting of 3 and 15% in the young and elderly women, respectively, whereas the 7-day records indicated underreporting of 19 and 22%, respectively. Conversely, Bathalon et al. (1) recently reported just the opposite results. While also investigating the association of psychological measures of eating behavior with the accuracy of reported energy intake, these authors classified 60 subjects as either restrained eaters (n ϭ 26) or unrestrained eaters (n ϭ 34). For both restrained and unrestrained eaters, the 7-day weighed records showed a lower magnitude of underreporting, 21 and 12%, whereas the 24-h recalls displayed underreporting of 26 and 19%. Unfortunately, the one agreement between the two studies was that the correlations between intake and expenditure were either nonsignificant or very weak.
Black et al. (4) sought to validate retrospective dietary intakes measured using two methodologies, the diet history and a 4-day weighed food record. Sixteen middle-aged (mean age 58 yr) females participated in the study. Reported energy intakes, derived from the diet history method and the 4-day food record, were found to be 5 and 12% lower, respectively, than measured energy expenditure. In contrast to the studies by Sawaya et al. (24) and Bathalon (1), however, the intake by 4-day record was modestly correlated with expenditure (r ϭ 0.48), although no differences between the methods were identified that could explain the different findings.
Three of the studies compared 24-h recalls with an FFQ. Kroke et al. (15) compared reported energy intake over a 1-yr period. Data from twelve 24-h recalls and an FFQ were obtained from a subgroup of 28 participants of the European Prospective Investigation into Cancer (EPIC) study. The magnitude of underreporting was 19% for the FFQ and 26% for the twelve 24-h recalls. Bathalon et al. (1) compared nutrient intakes derived from three 24-h dietary recalls and a FFQ and found that the FFQ showed the largest magnitude of underreporting. There was no significant association between reported energy intake by any method and total energy expenditure in either restrained or unrestrained eaters, separately or combined. Finally, Sawaya et al. (24) compared two 24-h recalls to the Block FFQ and the Willett FFQ in 10 young and 10 older women and found even more contrasts. In young women, the 24-h recall gave mean energy intakes that were closest to measured energy expenditure, underestimating intake by only 3%. In older women, the Willet FFQ yielded reported energy intakes closest to measured values (overreporting by 6%). The Block FFQ displayed more underreporting than the Willet FFQ in both young and old. The only case, however, in which reported energy intake was significantly correlated (r ϭ 0.66, P Ͻ 0.04) to measured total energy expenditure was the use of the Block FFQ in young women.
SUMMARY OF DIETARY METHODOLOGIES VS. THE DLW METHOD
By using the DLW technique as a biomarker of habitual energy intake, the studies presented in this review demonstrate a variable occurrence of underreporting among different groups and types of individuals within a population. There was not an obvious relationship between reported energy intake and reporting accuracy. Neither prospective nor retrospective methods were consistently more accurate than the other, not even when the comparisons were performed in the same individuals. Perhaps such an expectation is naïve, because for each methodology, the exact questions, format, or nutrient database may be modified from study to study. These modifications allow the investigator to tailor the type of data gathered to the nutrient of interest; however, at least with current understanding, each modified version of the methodology developed may require validation of the data collected with respect to both traditional criteria (such as those described by I. M. Buzzard in 1994) and now underreporting. Such research requires the use of benchmark methods, such as the DLW technique, against which the accuracy of a self report can be assessed.
ALTERNATE MEANS OF ASSESSING REPORTED ENERGY INTAKE
The expense of the DLW technique has generally restricted its use to relatively small-scale studies of energy intake vs. expenditure. An alternate approach for identifying accurate and nonaccurate reporters of dietary intake is to test for unphysiologically low reported energy intakes. An example of such a test, the "Goldberg cut-off" (10) , is based on the fact that energy expenditure can be represented as the basal metabolic rate (BMR) times an activity factor. For light activity, this factor is commonly taken as 1.55. A ratio of reported energy intake to calculated BMR (EI/BMR est ) that is less than this activity factor is suggestive of underreporting, or the cut-off under which reported intake is not valid. Recently, the sensitivity and specificity of the Goldberg cut-off for identifying diets of poor validity were tested. Black et al. (2) compiled a database of 429 subjects from 22 studies in which reported energy intake and energy expenditure (EE) determined via the DLW method were measured simultaneously. For comparison against Goldberg cut-off classification, the ratio of energy intake to energy expenditure (EI/EE) was used to define "true" underreporters (UR, EI/EE Ͻ0.76), acceptable reporters (AR, EI/EE ϭ 0.76-1.24), and overreporters (OR, EI/EE Ͼ1.24). The sensitivity was calculated as the proportion of UR, correctly identified as such with the Gold-berg cut-off method. Similarly, the specificity was calculated as the proportion of non-UR correctly identified. When a cut-off factor for physical activity of 1.55 was used for men and women, the sensitivity was 0.50 and 0.52 and the specificity 1.00 and 0.95, respectively. Use of a higher physical activity factor cut-off of 1.95 in men and women increased the sensitivity (0.76 and 0.85, respectively) but resulted in decreased specificity (0.87 and 0.78, respectively). When subjects were classified into low, medium, and high activity levels (according to their individual EE/BMR ratio) and different cut-offs were applied for each activity level, there was a sensitivity of 0.74 and 0.67, with a specificity of 0.97 and 0.98, respectively, in men and women. The authors concluded that this last approach offered a reasonable compromise between sensitivity and specificity. This approach, however, relies on the ability of the investigator to choose suitable physical activity factor values for each activity level.
CONCLUSION
This review has demonstrated that, regardless of the dietary methodology employed to assess habitual diet, true energy intake is consistently underreported by certain groups within the population. As the ability to identify underreporters of dietary energy intake improves, it may seem that the next logical step would be to address what to do about underreporters of true intake. Proposed ideas to account for the reporting error have focused around two methods: 1) removing the underreporters from the data set, or 2) statistically correcting "reported" intake to represent true intake. Although the merits of these approaches are being investigated, it is our opinion that which foods are being underreported is of even greater importance than the magnitude of underreporting. For example, if the observed underreporting of energy intake on dietary surveys is due to a random omission of foods or an underestimation of portion size, techniques to account for this error, such as energy adjustment, should improve nutrient intake estimates. If, however, only certain types of foods are consistently underreported by some population groups, suggestive of a systematic bias, misleading conclusions will be drawn with regard to diet and disease relationships. Indeed, a recent study found that underreporters of energy intake reported consuming fewer foods rich in fat and sugar and reported higher vitamin C and fiber intakes than participants with a reported energy intake in the normal range (13) . Goris et al. (12) found similar results with respect to fat intake.
In conclusion, further research is needed to identify underreporters of intake and to determine how to account for this bias in studies of diet and health. Additionally, it would be prudent to determine whether a reporting bias exists in the types of foods consumed by underreporters of energy intake. Such research would require the use of benchmark methods such as the DLW technique or other established biomarkers of habitual dietary intake.
